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TITLE OF THE INVENTION 

PEDIATRIC FORMULATION FOR HIV PROTEASE INHIBITORS 

BACKGROUND OF THE INVENTION 
5 A retrovirus designated human immunodeficiency virus 

(HIV) is the etiological agent of the complex disease that includes 
progressive destruction of the immune system (acquired immune 
deficiency syndrome; AIDS) and degeneration of the central and 
peripheral nervous system. This virus was previously known as 

10 LAV, HTLV-III, or ARV. A common feature of retrovirus 

replication is the extensive post-translational processing of precursor 
poly proteins by a virally encoded protease to generate mature viral 
proteins required for virus assembly and function. Inhibition of this 
processing prevents the production of normally infectious virus. For 

15 example, Kohl, N.E. SlaL, Proc. Nat'l Acad. Sci.. fii 4686 (1988) 
demonstrated that genetic inactivation of the HIV encoded protease 
resulted in the production of immature, non-infectious virus 
particles. These results indicate that inhibition of the HIV protease 
represents a viable method for the treatment of AIDS and the 

20 prevention or treatment of infection by HIV. See, e.g., U.S. 
5,413,999. 

Nucleotide sequencing of HIV shows the presence of a 
pol gene in one open reading frame [Ratner, L. el al- Nature . 313 . 
277 (1985)]. Amino acid sequence homology provides evidence that 

25 the j2£l sequence encodes reverse transcriptase, an endonuclease and 
an HIV protease [Toh, H. et al» EMBO J . 4, 1267 (1985); Power, 
M.D. £tai » Science. 2H, 1567 (1986); Pearl, L.H. et al, Nature . 
322,351 (1987)]. 

One of the most difficult medical challenges is the treatment 

30 of AIDS or HTV infection in children and infants. HIV protease 

inhibitors have unsatisfactory and unpleasant taste, e.g., CRIXIVAN® 
(trademark of Merck & Co. Inc.), which is a sulfate salt of 
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Converting the sulfate salt to insoluble free base improves 
taste and palatability, but oral bioavailability is reduced unacceptably, by 
5 a factor of up to about three. Furthermore, adding flavors or 

sweeteners or glycerol to aqueous solutions of the sulfate salt does not 
improve palatability. Applicants have unexpectedly found that 
suspension or dispersion of HIV protease inhibitor particles, e.g., of 
CRIXIVAN®, in glycerol, substantially improves the palatability of the 
10 drug. 

BRIEF DESCRIPTION OF THE INVENTION 

Dispersion or suspension in glycerol of HIV protease 
inhibitors, or pharmaceutically acceptable salt thereof, improve 
15 palatabilty sufficiently to be suitable as pediatric formulations in the 
treatment of AIDS, ARL or HIV infection in children and infants. 

ARBREVIATIONS AND DEFINITIONS 

20 q.s. sufficient quantity 

DETAILED DESCRIPTION OF THE INVENTION 



This invention relates to a pediatric formulation of an HIV 
25 protease inhibitor, which is a dispersal or suspension of HIV protease 
inhibitor in a non-toxic, high viscpsity, water-miscible liquid, to 
improve palatability. A preferred liquid is glycerol. 
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In one embodiment of this invention, the HTV protease 
inhibitor is the sulfate salt of 




or other pharmaceutical ly acceptable salt thereof. 
5 In another embodiment of this invention, the HIV protease 

inhibitor is 




or pharmaceutically acceptable salt thereof. 
10 In another embodiment of this invention, the HTV protease 

inhibitor is 




or pharmaceutically acceptable salt thereof. 
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In another embodiment of the present invention, the HIV 
protease inhibitor is 




5 or pharmaceutically acceptable salt thereof. 

In another embodiment of the present invention, the HIV 
protease inhibitor is 




or pharmaceutical^ acceptable salts thereof. 
10 One formulation of the present invention comprises, in each 

ml of formulation, about 20 mg sweetener, sufficient flavor, between 
about 50 mg (free base equivalent) and about 400 mg (free base 
equivalent), of the sulfate salt of 




15 the residual volume being glycerol. 
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In one embodiment of the present invention, the preceeding 
formulation is limited to an amount of HIV protease inhibitor, in each 
ml of formulation, of between about 100 mg (free base equivalent) and 
about 300 mg (free base equivalent). 
5 In another embodiment of the present invention, the 

formulation is limited to an amount of HIV protease inhibitor, in each 
ml of formulation, of between about 50 mg (free base equivalent) and 
about 400 mg (free base equivalent) of the sulfate salt of 




10 the residual volume being glycerol. 

In another embodiment of the present invention, the 
formulation is limited to an amount of HIV protease inhibitor, in each 
mi of formulation, of between about 100 mg (free base equivalent) and 
about 300 mg (free base equivalent) of the sulfate salt of 



15 




the residual volume being glycerol. 

The pediatric formulations of the present invention include 
HTV protease inhibitors such as CRIXIVAN®, and Compounds I, II, III 
or IV. 
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The HIV protease inhibitor Compound CRIXIVAN® is 
synthesized by the protocol of Merck Case 18597Y, EP 0541 168, 
published 12 May 1993, U.S. 5,413,999, herein incorporated by 
reference. CRIXIVAN® is the sulfate salt of N-(2(R)-hydroxy-l(S)- 
5 indanyl)-2(R)-pheny lmethyl-4-(S)-hydroxy-5-( 1 -(4-(3- 
pyridylmethyl)-2(S)-N'-(t-butylcarboxamido)-piperazinyl))- 
pentaneamide. 

Compound I is: 




or pharmaceutically acceptable salt thereof. It is synthesized by the 
procedures of EP 0346847. See also N.A. Roberts el a!., Science . 248 . 
358 (1990). " 

Compound II is: 



15 




or pharmaceutically acceptable salt thereof. It is synthesized by the 
procedure of EP 0346847, PCT WO 92/08700 and PCT WO 92/8698. 
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or pharmaceutically acceptable salt thereof. It is synthesized by the 
5 methods of EP 0486948, and PCT WO 94/14436. 
Compound TV is: 




" or pharmaceutical^ acceptable salts thereof. It is synthesized by the 

methods of WO 95/09843. 

10 The pharmaceutical ly-acceptable salts of the present 

invention (in the form of water- or oil-soluble or dispersible products) 
include the conventional non-toxic salts or the quaternary ammonium 
salts which are formed, e.g., from inorganic or organic acids or bases. 
Examples of such acid addition salts include acetate, adipate, alginate, 

15 aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, 
camphorate, camphorsulfonate, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate, 

20 maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, 
pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, 
a^<m a propionate, succinate-, tartrate, thiocyanate, tosyiate v and undecanoate. 

Base salts include ammonium salts, alkali metal salts such as sodium and 
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potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexylamine 
salts, N-methyl-D-glucamine, and salts with amino acids such as 
arginine, lysine, and so forth. Also, the basic nitrogen-containing 

5 groups may be quaternized with such agents as lower alkyl halides, such 
as methyl, ethyl, propyl, and butyl chloride, bromides and iodides; 
dialkyl sulfates like dimethyl, diethyl, dibutyl; and diamyl sulfates, long 
chain halides such as decyl, lauryl, myristyl and stearyl chlorides, 
bromides and iodides, aralkyl halides like benzyl and phenethyl 

10 bromides and others. Other pharmaceutical^ acceptable salts include 
the sulfate salt ethanolate and sulfate salts. 

Cl-4 alkyl esters as prodrugs are included wherever 

appropriate. 

The pediatric formulation of the present invention is 
15 useful in the inhibition of HIV protease, the prevention or treatment 
of infection by human immunodeficiency virus (HIV) and the 
treatment of consequent pathological conditions such as AIDS, in 
children or infants. Treating AIDS or preventing or treating 
infection by HIV is defined as including, but not limited to, treating a 
20 wide range of states of HIV infection: AIDS, ARC (AIDS related 
complex), both symptomatic and asymptomatic, and actual or 
potential exposure to HIV. For example, the compounds of this 
invention are useful in treating infection by HIV after suspected past 
exposure to HIV by, e.g., blood transfusion, exchange of body fluids, 
25 bites, accidental needle stick, or exposure to patient blood during 
surgery. 

PREPARATION 

30 In preparing the pediatric formulation, add the HIV 

protease inhibitor, or its pharmaceutical ly acceptable salt, to the 
glycerol with continuous stirring, taking care not to incorporate air into 
the system. Heating may be used to speed the dispersion process since it 
reduces the viscosity of the glycerol. However, raising the temperature 
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also increases the solubility of the drug in the glycerol and may 
potentate chemical incompatibility. Cooling the resulting solution 
apparently does not result in crystallization of the excess dissolved drug, 
although this may occur on long term storage. 
5 For cases involving a drug rendered unstable by 

dissolution, it is desirable to minimize dissolution. For example, 
CRIXIV AN® has undesirable stability as a dissolved drug. 

For the purposes of the pediatric formulations of the 
present invention, a suitable carrier is any non-toxic, high viscosity 

10 liquid, such as certain oils, e.g., glycerides, partial esters of glycesor, 
and mixtures thereof. Preferably, the carrier is a non-toxic, high 
viscosity, water-miscible liquid, such as glycerol. 

Having dispersed the drug in glycerol or other carrier, 
flavors and sweeteners are then added with continuous stirring. The 

15 order of addition to drug of carrier, flavor or sweeteners can in 

principle be varied. In one preferred order, drug is first dispersed with 
glycerol or other carrier, then sweetener or flavor is added as needed. 
In another preferred order, sweetener and/or flavor are added first to 
glycerol, with heat to aid dissolution or dispersion, followed by addition 

20 of drug after cooling. 

Another embodiment of the present invention is the 
dispersion in glycerol of drug, ie., an HIV protease inhibitor, without 
sweeteners or flavors. One preferred embodiment is the dispersion in 
glycerol of CRIXIV AN® without sweeteners or flavors. 

25 The resulting dispersion should be dearated, typically by 

applying a vacuum. After dearation, the pediatric formulation may be 
packaged into a unit dose system, e.g., oral syringe, or into a multiple 
dose system, e.g, bottle with separate oral dosing syringe. 

For CRIXIV AN®, dosing volumes of the pediatric 

30 formulation can vary from about 0.5 ml of a 100 mg/ml suspension to 
about 1 .66 ml of a 300 mg/ml suspension or may reach higher volumes, 
e.g., 2.5 ml of a 200 mg/ml suspension. Dispersions of between about 
50 mg/ml and about 400 mg/ml are feasible, but the range of between 
about 100 mg/ml and about 300" mg/ml is preferred. 
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The level of sweeteners is typically about 20 mg/ml 
dispersion of high intensity sweeteners, but may be higher for simple 
sugars such as sucrose. In principle any sweetener may be used. 
Suitably high intensity sweeteners include but are not limited to 
5 Magnasweet® (trademark of MAFCO), Acesulfame K, Aspartame or 
Saccharin. The actual level of sweetener can vary from effectively zero 
to about 300 mg/ml. 

Suitable flavor systems include liquid flavors and flavors 
adsorbed onto solid substrate. Suitable pediatric flavors include but are 

10 not limited to bubble gum, cherry, and orange. 

When administered orally as a suspension, the pediatric 
compositions may contain microcrystalline cellulose for imparting 
bulk, alginic acid or sodium alginate as a suspending agent, 
methylcellulose as a viscosity enhancer, and other 

15 sweeteners/flavoring agents known in the art. 

The formulations of this invention can be administered 
to humans in the dosage ranges specific for each compound. 
CRIXIVAN® is administered orally in a dosage range between about 
40 mg and about 4000 mg per day, divided into between one and 

20 four doses per day. A preferred oral adult dosage range for 
CRIXIVAN® is between about 200 mg and about 1000 mg 
administered three times per day. A preferred oral pediatric dosage 
range for CRIXIVAN® is between about 50 mg and about 800 mg 
administered three times per day. Compound I or pharmaceutical^ 

25 acceptable salt thereof is administered orally at a dosage range of 
between about 100 mg and about 4000 mg per day. A preferred oral 
dosage range for Compound I or pharmaceutical^ acceptable salt 
thereof is between about 200 mg and about 1000 mg administered 
three times per day. Compound II is administered orally, e.g., as an 

30 elixir in 30% ethanol in water, at a dosage range of between about 
100 mg and about 4000 mg per day. A preferred oral dosage range 
for Compound II is between about 200 mg and about 1000 mg 
administered three times per day. Compound III or 
pharmaceutically acceptable salt thereof is administered orally at a 
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dosage range of between about 100 mg and about 4000 mg per day. 
A preferred oral dosage range for Compound III or 
pharmaceutical ly acceptable salt thereof is between about 200 mg and 
about 1000 mg administered three times per day. Compound IV or 
5 pharmaceutical^ acceptable salts thereof is administered orally as a 
dosage range of between about 100 mg and about 4000 mg per day. 
It will be understood, however, that the specific dose level and 
frequency of dosage for any particular patient may be varied and 
will depend upon a variety of factors including the activity of the 

10 specific compound employed, the metabolic stability and length of 
action of that compound, child vs. adult, the age, body weight, 
general health, sex, diet, mode and time of administration, rate of 
excretion, drug combination, the severity of the particular condition, 
and the host undergoing therapy. 

15 The formulations that follow are scaled to 1 ml quantities. 

Suitable scale up for manufacturing conditions is apparent to the skilled 
artisan. 

EXAMPLE 1 

20 CRIXIVAN® 100 mg (free base equivalent) 

Magnasweet® 20 mg 

Bubble gum flavor q.s. 
glycerol to 1 ml 

25 Disperse CRIXIVAN® in glycerol with continuous stirring, 

without incorporating air into the system. Sweetener Magnasweet® and 
bubble gum flavor are then added with continuous stirring. Dearate and 
package. 

30 EXAMPLE 2 

CRIXIVAN® 200 mg (free base equivalent) 

Magnasweet® 20 mg 

Bubble gum flavor q.s. 
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glycerol to I ml 

Disperse sweetener Magnasweet® and bubble gum flavor in 
glycerol, without incorporating air into the system. Add CRIXIVAN® 
with continuous stirring. Dearate and package. 

5 

EXAMPLE 3 

CRIXIVAN® 200 mg (free base equivalent) 

Aspartame 20 mg 

10 Cherry flavor q.s. 
glycerol to 1 ml 

Disperse CRIXIVAN® in glycerol with continuous stirring, 
without incorporating air into the system. Aspartame sweetener and 
15 cherry flavor are then added with continuous stirring. Dearate and 
package. 

EXAMPLE 4 

20 CRIXIVAN® 200 mg (free base equivalent) 

Saccharin 20 mg 

Orange flavor q.s. 
glycerol to 1 ml 

25 Disperse CRIXIVAN® in glycerol with continuous stirring, 

without incorporating air into the system. Saccharin sweetener and 
orange flavor are then added with continuous stirring. Dearate and 
package. 

30 EXAMPLE 5 

Compound! 150 mg 

Saccharin 20 mg 

Orange flavor q.s. 
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glycerol to 1 ml 

Disperse Compound I in glycerol with continuous stirring, 
without incorporating air into the system. Saccharin sweetener and 
orange flavor are then added with continuous stirring. Dearate and 
5 package. 

EXAMPLE 6 

Compound II 1 50 mg 

10 Saccharin 20 mg 

Orange flavor q.s. 

Glycerol to 1 ml 

Disperse Compound II in glycerol with continuous stirring, 
1 5 without incorporating air into the system. Saccharin sweetener and 
orange flavor are then added with continuous stirring. Dearate and 
package. 



20 



25 



EXAMPLE 7 

Compound HI 1 50 mg 

Aspartame 20 mg 

Cherry flavor q.s. 

Glycerol to 1 ml 

Disperse Compound ID in glycerol with continuous 
stirring, without incorporating air into the system. Aspartame 
sweetener and cherry flavor are then added with continuous stirring. 
Dearate and package. 



30 
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. EXAMPLE 8 



5 



Compound IV 
Acesulfame K 
Bubble gum flavor 
Glycerol 



150 mg 
3 mg 
q.s. 

to I ml 



Disperse Compound IV in glycerol with continuous 
stirring, without incorporating air into the system. Acesulfame K 
10 sweetener and bubble gum flavor are then added with continuous 
stirring. Dearate and package. 



the present invention, with examples provided for the purpose of 
15 illustration, it will be understood that the practice of the invention 
encompasses all of the usual variations, adaptations, modifications, 
deletions or additions of procedures and protocols described herein, as 
come within the scope of the following claims and its equivalents. 



While the foregoing specification teaches the principles of 
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WHAT IS CLAIMED IS: 

1 . A pediatric formulation of an HIV protease inhibitor 
dispersed or suspended in a non-toxic, high viscosity, water-miscible 

5 liquid, to improve palatability. 

2. The pediatric formulation of claim 1, wherein the 
liquid is glycerol. 

10 3. The formulation of Claim 1 or 2, wherein the HIV 

protease inhibitor is the sulfate salt of 




or other pharmaceutical ly acceptable salt thereof. 

15 4. The formulation of Claim 1 or 2, wherein the HIV 

protease inhibitor is 




or pharmaceutically acceptable salt thereof. 

20 
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5. The formulation of Claim 1 or 2, wherein the HIV 
protease inhibitor is 




5 or pharmaceutical^ acceptable salt thereof. 

6. The formulation of Claim 1 or 2, wherein the HIV 
protease inhibitor is 




10 

or pharmaceutical^ acceptable salt thereof. 

7, The formulation of Claim 1 or 2, wherein the HIV 
protease inhibitor is 




or pharmaceutical ly acceptable salts thereof. 
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8. 



The formulation of Claim 2, comprising, in each ml, 



about 20 mg sweetener, sufficient flavor, between about 50 mg (free 
base equivalent) and about 400 mg (free base equivalent), of the sulfate 
salt of 



the residual volume being glycerol. 

9. The formulation of Claim 8, wherein the amount of 
HIV protease inhibitor in each ml of formulation is between about 100 

10 mg (free base equivalent) and about 300 mg (free base equivalent). 

10. The formulation of Claim 2, comprising, in each ml, 
between about 50 mg (free base equivalent) and about 400 mg (free base 
equivalent) of the sulfate salt of 



5 




15 




the residual volume being glycerol. 
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1 1. The formulation of Claim 10, wherein the amount of 
HIV protease inhibitor in each ml of formulation is between about 100 
mg (free base equivalent) and about 300 mg (free base equivalent). 
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